Abstract -Evaluation of Spherical Fitting as a technique for sizing iron ore pellets is performed. Size measurement of pellet in industry is usually performed by manual sampling and sieving techniques. Automatic on-line analysis of pellet size would allow non-invasive, frequent and consistent measurement. Previous work has used an assumption that pellets are spherical to estimate pellet sizes. In this research we use a 3D laser camera system in a laboratory environment to capture 3D surface data ofpellets and steel balls. Validation of the 3D data against a spherical model has been performed and demonstrates that pellets are not spherical and have physical structures that a spherical model cannot capture.
I. INTRODUCTION
Pellet's sizes are critical to the efficiency of the blast furnace process in production of steel. Okvist et al. [1] shows how different pellet size distributions effect the blast furnace process. Overly coarse pellets effect the blast furnace process negatively and Okvist et al. [1] reports on how to minimize the effect by operating the furnace with different parameters. An on-line system for measurement of pellet sizes would improve productivity through fast feedback and efficient control of the blast furnace.
In pellet manufacturing, manual sampling followed by sieving with a square mesh is used for quality control. The manual sampling is performed infrequently and is time-consuming. Fast feedback of pellets sizes is desirable.
Blomquist and Wernerson [2] use a statistical model that assumes pellets are spherical to measure diameter and diameter deviation of pellets from chord lengths.
Bouajila et al. [3] estimate size of green pellets with a 3D laser camera. Based on the assumption that pellets are spherical, they apply a spherical smoothing method to obtain a complete size distribution of the produced pellets. Bouajila et al. [3] report that the estimated size distribution correlates well with the reference values.
In the presented research we use an industrial prototype 3D imaging system to capture 3D surface data of pellet piles on a conveyor. Estimation of pellet sizes is made based on the assumption that pellets are spherical. An evaluation of the suitability of the spherical assumption is made.
II. METHODS
In this section we outline the methods used to capture the 3D surface data, segment it, determine segmented regions sizes and evaluate the spherical model.
A. Imaging System
An imaging system that captures 3D surface data has been implemented by MBV Systems [4] . The system is based on a projected laser line and camera triangulation [ 1-4244-0589-0/07/$20.00 ©2007 IEEE Each size class is captured individually with the imaging system in a laboratory setup. The pellets are spread out on a conveyor belt to make sure that the surface of each pellet is not occluded by other pellets.
B.2 Steel Balls
The steel balls have a known diameter and have been painted with a thin layer of mat grey paint to allow data capture with the imaging system. The steel balls are positioned separately on a tray. The imaging system captures a sample of 45 balls each of size 5, 10, 12.7 and 16 mm, 30 balls of 17.5 mm and 15 balls each of 20 and 25 mm.
C. Segmentation Algorithm
Pellet segmentation has been performed by Thurley [6] using a mathematical morpholgy implementation [7] for sparse, irregularly spaced 3D surface data.
This technique [6] applies a variety of algorithms including morphological and linear edge detection, distance transform, local maxima detection and watershed segmentation.
D. Estimation ofSize
Using the segmented data each pellet is identified and its size may be estimated. To evaluate the assumption that pellets are spherical, pellet size is estimated by fitting a spherical model to the segmented data of each pellet.
To do this consider the equation of a sphere, which can be written as seen in equation 1 where x0, yo and zo are the coordinates for the center of the sphere and R is the radius of the sphere.
f (xo, yo, zo, R) = (X _ Xo)2+ (y _ yO)2+ (z zo)2 -R2 = 0
(1) By using the partial derivatives as seen in equation 2 it is possible to construct a linear least-squares problem with m coordinate points (xy, Yi, Z1), (X2, Y2, Z1), . , (xm, Ym ,Zm) Residuals, which is the part of the data that the model could not reproduce, may also indicate how well the model describes the data. A spherical model's residuals are calculated by equation 5, where xi, yi and zi is the coordinates for point i.
Ljung [8] suggest analysis of basic statistics for residuals and we will use root-mean-square error as shown in equation 6 in this analysis where Ei is the residual for point i and m is the number of points.
The comparison of estimated values with known data and the residual analysis give a good indication of how well the model captures the data.
III. PERFORMANCE OF SPHERICAL FITTING
The accuracy of the imaging system and the spherical model as a measurement method is evaluated by sizing perfect steel balls and sieved pellets. The model is fitted to each steel ball and the result of estimated sizes and residual statistics is shown in The graphs and determination of outliers were calculated using the R statistical analysis package [9] .
In figure 1 , it is clear that the size estimate for pellets is constantly overestimated. Also, it is important to notice that the interquartile range of the size estimates is generally larger than the intervals between the different classes. The classes are not clearly separable and will not be suitable for determining pellet size that corresponds to square mesh sieving techniques.
The median value of the RMS Error, shown in 
IV. CONCLUSIONS
A study of the adequacy of the assumption that pellets are spherical is made. Pellets are collected and mechanically sieved into different classes. Also perfect steel balls with well known properties are collected. The two samples are captured by an imaging system that produces 3D surface data. The surface is segmented and a spherical model fitted to each pellet and steel ball. Model evaluation based on physical properties and residual analysis show that the spherical model works well for perfect steel balls but not for pellets. 
